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NTT All-optical Switch for 
Ultra-fast Processing 
Nippon Telegraph and Telephone Corporation (NTT) has developed a surface reflection 
all-optical switch that uses a semiconductor super-lattice-structure for achieving an ultra-fast 
switching speed of 250 femtoseconds during which light can move only 0.075 mm in vacuum. 
The optical switch creates the world's fastest processing speed among semiconductor AND 
gate devices and features a high onloff ratb (extinction ratio) by large optical non.linearity. 
Since both signal and control light can be used in a wide range around 1.55-micron band 
for optical communicatbns, the device can be used for time-division-multiplexing and 
wavelength.division-multiplexing communications. 
T 
he surface-reflection geome- 
try of the all-optical switch 
helps develop systems for 
separating multiple-channel optical 
signals at the same time. Therefore, 
the new device is expected to play an 
important role in terabit-per-second- 
class large-capacity communications 
and ultra-fast optical sensing. 
Deve lopment  
Today's ultra-fast optical commumca- 
tions technology enables communi- 
cations at 100 Gb/s. This mandates 
devices that achieve a switching 
speed of less than 1 picosecond. As 
a result, research for ultra-fast pro- 
cessing devices is being carried out 
throughout the world. 
Realizing that superlattices made of 
InGaAs and InAIAs are reliable and 
stable and that they are compound 
semiconductors with unique optical 
non-linearity caused by quantum 
effects, ~ has conducted R&D into 
superlattices. The recent develop- 
ment of the ultra-fast semiconductor 
surface-refection all-optical switch is 
one of the results of the research. 
Functioning as a mirror with a high 
reflectivity, the new reflection-type 
optical switch reflects signal light 
when control light is entered. The 
switch absorbs signal light when 
control light stops entering. The 
device can split time-division-multi- 
plexed signal light by using this 
function to control the timing of 
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Surface-reflection all-optical switch reflects signal light pulse when 
control light pulse enters switch. Switch absorbs signal light pulse 
when control light stops entering switch. 
Figure 1. Split of time-division-multiplexed signal using surface-reflection all-optical switch. 
incident control light. 
However, the research had two 
major technical issues to be over- 
come to develop an ultra-fast surface- 
reflection optical switch. The first 
issue was to reduce to the sub- 
picosecond range carrier lifetime, 
which determines the time that 
elapses between the "on" state and 
the "off '  state of a switch. The 
second was to increase non-linearity 
enhancing the difference in reflectiv- 
ity (extinction ratio) between the 
"on" and "off' states. When carrier 
lifetime becomes shorter, the devi- 
ce's switching speed increases. The 
way to increase optical non-linearity 
was a major issue to be solved for an 
optical switch that received control 
light only with a thin layer because of 
the nature of its surface-reflection 
structure. 
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Reduction in carrier 
lifetime 
Carrier lifetime can be reduced to 
the sub-picosecond range when the 
GaAs is grown at 200°C. However, 
InGaAs/lnAIAs super-lattice which 
comprises the optical switch that 
functions in the 1.55-micron band 
has carrier lifetime only in the sub- 
nanosecond range when grown at 
low temperature. 
NTT discovered that Be-doped 
compound semiconductors grown 
at low temperature could drastically 
reduce their carrier lifetime. By 
applying the finding, NTT succeeded 
in reducing the carrier lifetime of 
InGaAs- and InA1As-made super-lat- 
tices, the structure of the optical 
switch, to the sub-picosecond range. 
Increasing optical 
non-linearity 
The optical switch has superlattices 
made of  InGaAs and InAIAs, 
a structure conducive to increasing 
optical non- linearity. 
InGaAs is positioned in such a way 
that its atomic interval is slightly 
different from that of InP, thus 
creating a distortion in the InGaAs 
layer. The distortion helps the ex- 
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Figure 2. Structural and processing of surface-reflection all-optical switch. 
tinction ratio change significantly (or 
helps optical non-linearity increase) 
with slight difference in intensity of 
control light. 
As a measure to further increase 
optical non-linearity, the optical 
switch has a mirror with a reflectivity 
of 1% installed between the substrate 
and the superlattices. Part of incident 
signal light entering from the bottom 
of the substrate is reflected by the 
mirror, and the rest is reflected by a 
gold mirror over the superlattices. 
The superlattices are designed in 
such a way that, when incident light 
is weak, the intensities of light 
reflected by the mirror with 1% 
reflectivity and by the gold mirror 
Performance of Semicondcutor Optical-Switch Devices. 
Optical switch device Wavelength 
(nm) 
Gate 
width 
Extinction Energy 
ratio 
Comments 
Surface-reflection 
all-optical switch 
GaAs Mach-Zehnder 
optical waveguide 
Spin-polarization relaxation 
type II TBQ etalon ~* 
AIGaAs directional coupler*** 
Current injected transparent 
GaAs MQW directional coupler*** 
GaAs MQW etalon by optical 
Stark effect** 
1536 
878 
750 
1550 
879 
827 
1.5 ps 
8 ps 
6 ps 
860 fs 
270 fs 
690 fs 
** Operation wavelength region is less than a few nm. 
20 
10 
2 pJ 
11 pJ* 
> 65 pJ 
>13 pJ 
1 pJ/mm 
NTT, 1994 
Polarization insensitive 
NEC, 1994, *Assumed 10% 
of coupling efficiency 
Fujitsu, 1995 
Differential measurement 
U. of Cent. Flordia, 1993 
U. of Arizona, 1994 
Bias current 60mA 
ENS, France, 1986 
Low temp. (150 K) 
***Polarization dependent .... Not FWHM 
Pa0e601  IvogNo2 
are almost the same 
and their phases are 
reversed. Therefore,  
both lights practically 
cancel out each other 
and are hardly  re- 
f lected. As inc ident  
light intensifies, with 
ref lect ion f rom the 
mirror becoming more 
predominant, reflectiv- 
ity soars rapidly. This 
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results in a consider- Figure3. Light-split experiment using all-opticalswitch. 
able increase in optical 
non-linearity and the 
optical  switch's  ext inct ion ratio F t l tg l re  P la iTs  
rises greatly. In a fundamental experiment hat 
Having developed these techni- used the all-optical switch, NTT 
ques, NTT has succeeded in operat- succeeded in splitting 21 3 Gb/s- 
i n g t h e o p t i c a I s w i t c h a t equivalent four-channel multiplexed 
250 femtoseconds in the 1.55-mi- signals into two channels. Continuing 
cron band, which requires 10w en- 
ergy, achieves a high extinction ratio, research for all-optical switches, NTT 
and functions in the wavelength plans to apply the optical switch to 
range of 30 nm in which it does not such applications as an optical sam- 
depend on the polarization charac- piing system for investigating optical 
teristics of signal light, waveforms using light, an optical 
demultiplexer, an optical regenera- 
tor, and a wavelength converter. 
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Available in chunk form 
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• larger quantities also available 
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AIM AND SCOPE 
Molecular Beam Epitaxy (M 
film structures and devices 
high and ultrahigh vacuum I 
structures by different mea~ 
lead to understanding of this growm Drocess. 
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